The oriental beech forests along the southern Caspian Sea shores of Iran are characterized by high biodiversity and high ecological value. However, there is little information concerning factors governing community composition and the presence and abundance of invasive plants. In the present study we aimed to evaluate the main drivers of community composition, diversity, and establishment of invasive plants in disturbed and undisturbed Fagus orientalis communities.
Introduction
Many ecosystems of conservation concern require some level of disturbance to sustain their species composition and ecological function (Fleming et al. 2009 ). Disturbance has been defi ned as a destructive event or environmental fl uctuation that causes changes in the conditions of an ecological system (Pickett & White 1985 , Van Andel et al. 1991 , Oliver & Larson 1996 . A disturbance event may damage or destroy some of the resident vegetation, thereby leading to fl uctuations in resource availability, e. g., increasing light, water, or nutrient availability (Davis et al. 2000) . It may thus change the competitive balance and site occupancy of resident species in plant communities and make abiotic factors more important as determinants of invasion success than biotic factors (Richardson & Bond 1991) .
The composition and functioning of many forest ecosystems are at risk because of invasion by exotic plants (Sumners & Archibold 2007 , Castro-Diez 2009 , Kumar Kohli et al. 2009 ) and, less frequently, by natives not typically found in forests (de la Cretaz & Kelty 1999), i. e. apophytes (Kopecký 1984) . Also for the colonization and establishment of sites through exotic species or apophytes, disturbances may play a major role (Richardson & Pyšek 2006 , Addo-Fordjour 2009 , Voss et al. 2011 . In temperate forest ecosystems, windfall and grazing by wild ungulates are among common natural disturbances, whereas harvesting and grazing by domestic animals constitute common anthropogenic disturbances (West et al. 1981 , Pickett & White 1985 , Barnes et al. 1997 .
In this study, we examine the effects of harvesting, gaps, and cattle grazing on understory vegetation and invasive plant species of beech communities in the Caspian forests of Iran. The Euro-Siberian region extends into northern Iran in the Caucasian-EuxinoHyrcanian province. This Hyrcanian district includes the south Caspian coastal plain and the northern slopes of the Elburz Mountains up to 2500 m a.s.l. The Hyrcanian district is characterized by predominantly deciduous closed forests and contains relicts of the Arcto-Tertiary and Indo-Malesian fl ora, which retreated to the south during the ice ages and survived there (Frey & Probst 1986) .
Oriental beech (Fagus orientalis Lipsky) is one of the most important species in these forests both ecologically and economically (Zohary1963, Sabeti 1976 , Marvie Mohadjer 2005 . It is a characteristic and dominant species of many plant associations (e. g. Fagetea hyrcanica Zohary 1963, Ilico spinigera-Fagetum orientalis Assadollahi 1980) under a range of different ecological conditions (Frey & Probst 1986 , Assadoallahi 2001 . Oriental beech grows from 500 m to 2300 m a.s.l. in different slope aspects and on both calcareous and acidic soils (Assadi 1984 , Hamzeh'ee 1994 .
The Caspian forests of Iran have a long history of human settlement, which has led to a strong relationship between forest dwellers and forest resources (Saeed 2009 ). The government legislated the nationalization of forests and rangelands in 1962. Since then grazing by domestic animals is forbidden in forests. However, due to high dependence of forest inhabitants on small scale subsistence agriculture and due to underdevelopment, still about 1500,000 cows graze in the Caspian forests (Fig. 1) . Native Cows are preferred by forest dwellers because they are well adapted and learnt to move to the grazing areas (forest) in the morning and come back in evenings without any human help. The traditional animal husbandry of these forests consists of a kind of transhumance movement through forests from the Caspian Sea shores to the high mountainous grasslands of Elburz as seasons change (Etemad & Avatefi 2009) . This form of land use may lead to high grazing pressure, which is cited as one of the reasons for lack of regeneration in some managed forests (Marvie Mohadjer 2001) .
The fi rst harvesting plans for these forests started in 1960 (Zobeiri 2010) . Owing to high commercial value, most of the harvesting operations are concentrated in beech forests (Assadoallahi 2001) . In recent years, several studies addressing Caspian forests have investigated palynology (Ramezani et al. 2008) , plant biodiversity (Akhani et al. 2010 , Sefidi et al. 2011 , soil seed banks (Esmailzadeh et al. 2011) , and ecological species groups (Eshaghi Rad & Shafiei 2010). Additionally, Eshaghi Rad & Shafiei (2010) identifi ed some environmental factors that determine species composition in ancient, near-pristine oriental beech communities, away from disturbed sites.
However, despite the high value and uniqueness of Caspian forests, there is still limited information concerning factors that determine species composition and diversity across a wide range of conditions, effects of natural and anthropogenic disturbance, and their potential effects on establishment of inva- eschweizerbart_xxx sive plant species. Therefore, the objectives of the pre sent exploratory study were (1) to evaluate the drivers of plant community composition of Caspian Fagus orientalis across a wide range of environmental conditions and elevations, and (2) to study the role of disturbance for community composition and the establishment of invasive plants. We asked the following questions: 1. Which biotic and abiotic drivers (including natural and anthropogenic disturbance) signifi cantly affect species composition of Caspian Fagus orientalis forest communities? How large is their gross effect and their net effect after accounting for other signifi cant drivers? 2. If disturbance signifi cantly affects community composition, are there indicator species for different disturbance regimes? 3. Does disturbance affect community diversity and evenness? 4. Which non-forest plant species invade these communities, and under which circumstances?
Study area
The study was conducted in the "Kheiroud Investigation Forest" (total area: 8000 ha) in the Mazandaran province in northern Iran (Fig. 2 ). This forest is located in the middle of the Caspian region and has been syntaxonomically assigned to the alliance Rubo-Fagion (class Querco-Fagetea, order Ilico-Fagetalia; Assadoallahi 2001). The most important tree species are Fagus orientalis Lipsky, Carpinus betulus L., Quercus castaneifolia C.A.Mey., Acer velutinum Boiss., Alnus subcordata C.A. Mey., and Parrotia persica C.A. Mey. (Sabeti 1976 , Marvie Mohadjer 2005 . Elevation in the study area ranges from 40 to 2250 m a.s.l., mean average temperature is about 16 °C, and annual precipitation is about 1380 mm, distributed through almost the entire year. The main parent rocks are limestone, dolomite and to lesser extent granite. The most important soil types, which occur under a number of different forest types, are calcareous soils as well as brown, acidic, podzolic soils. Fagus stands in the "Kheiroud Investigation Forest" mainly occur on brown soils (Etemad 2010) .
This forest has seven districts, in two of which timber harvest was practiced in form of a shelterwood system since 1970. However, since 2000 the forest and rangeland organization forced all forestry plans to practice selection systems, i. e. single and group selection. The other fi ve districts have no harvesting operations. Our study plots were located in four districts to include areas with both natural and anthropogenic disturbances (districts Patom and Namkhaneh: harvesting, cattle grazing, windfall disturbances) and only natural disturbance (districts Baharbon and Maniasang: no harvesting operation but grazing and windfall disturbances). Additionally, sampling over four districts was necessary to include a long elevation gradient (Patom and Namkhaneh: elevations between 40 and 1300 m a.s.l.; Baharbon and Maniasang: elevations between 950 and 2220 m a.s.l.). Sampling was carried out along an elevation gradient between 630 m to 1920 m a.s.l. Because districts are confounded with both disturbance and elevation, we accounted for autocorrelation in the statistical analyses (see Methods).
Methods

Vegetation sampling
Each plot was sampled once between May and July 2010 in communities dominated or co-dominated by Fagus orientalis. To determine the relevé size, we established species-area curves for 45 sites (BraunBlanquet 1983) , then randomly located 104 relevés across all four districts in disturbed and undisturbed beech forests. In Patom, Namkhaneh, Baharbon and Maniasang districts 9, 31, 47 and 17 relevés were made, respectively. All vascular plant species within each relevé were recorded using a decimal coverabundance scale (Londo 1976) . Herbarium specimens were collected for each relevé and the vouchers were stored in the herbarium of the Department of Forestry, Faculty of Natural Resources, University of Tehran, Iran. The nomenclature of the tree and shrub species followed Sabeti (1976) , that of herbs followed Ghahraman (2001) and Assadi (2010) and that of pteridophytes followed Wendelbo (1976) and Frey et al. (2006) .
Explanatory variables
For each relevé, we obtained information on or measured directly slope inclination (%), slope aspect, elevation (m a.s.l.), drainage class, litter depth, humus depth, soil compaction, pH (H 2 O), humidity, concentrations of N, P, K, and Ca, organic C, soil texture, relative light intensity and disturbance history. Geographical coordinates of relevés were recorded using a Garmin GPS. Disturbance types were classifi ed in six categories from low to high and natural to anthropogenic impact (cf. Appendix 1): 1, Undisturbed (Control); 2, Gap (Ga); 3, Grazing (Gr); 4, Gap + Grazing (Ga + Gr); 5, Harvesting + Grazing (Ha + Gr); and 6, Harvesting + Gap + Grazing (Ha + Ga + Gr). Stocking Rate (cattle ha -1 year -1 ) was used as an index of grazing pressure (Thorne & Stevenson 2007 , Etemad & Avatefi 2009 ). Nominal environmental variables such as disturbance type, drainage classes, and soil texture were dummy coded (Jongman et al. 1995) . This means that each category of a nominal variable requires an own data column, in which the presence or absence of this category is coded as "1" or "0". The slope aspects were transformed to "northness" and "southness" according to Beers et al. (1966) .
Six possible drainage classes (excessively, well, moderately well, somewhat poorly, poorly, very poorly drained) were used to assign drainage conditions in the fi eld (Minnesota Department of Natural Resources 2007) . Litter and humus depth was measured in the four corners and the center of each relevé.
To obtain homogeneous samples for soil analyses, fi ve subsamples (0 -10 cm depth) of soil were taken from the four corners and the center of each relevé and pooled. Soil samples were air-dried and sieved through a 2 mm sieve. Soil pH (H 2 O) was measured potentiometrically using an electronic pH meter (Boyd & Brown 1998) . Soil texture was determined using the hydrometer method (Gee & Baude 1986) , which resulted in fi ve soil texture categories (loam, clay, clay-loam, silt-clay-loam, sandy-clay-loam) . Organic matter was estimated by multiplying organic C by 1.724; total nitrogen was determined through the Kjeldahl method (Jafari Haghighi 2003); and available P was obtained using the Olsen Method (do Carmo Horta & Torrent 2007).
To determine soil compaction we used a Soil Bulk Density Sampler (Model 0200, ICT international, Australia). In each relevé, we took one cylinder sample in the center and one control in a place with no evidence of animal or machinery compaction (undisturbed soil). This cylinder allows extraction of intact soil cores, and the volume was calculated from its length and diameter. The dry weight of the soil was then divided by the cylinder volume providing an estimate of bulk density. To obtain the soil compaction percent, the difference in bulk density between disturbed and undisturbed soil was divided by undisturbed soil bulk density and multiplied by 100 (Jafari Haghighi 2003) .
In the four corners and the middle of each relevé, measurements of light intensity were taken using a Lutron LX-105 light meter (Lutron Electronic Enterprise CO., LTD, Taiwan) during clear days. Paired measurements were made below herb cover at 10 cm and above herb cover 150 cm above the ground, with the sensor surface horizontal. All measurements were made between 10 a.m. and 3 p.m., to obtain uniform and comparable radiation data (Godefroid et al. 2005) . For each relevé, light intensity under the open canopy was measured. To obtain relative light intensity, the average of the fi ve measurements was divided by this value.
Data analysis
Prior to explorative multivariate analyses, three plots and 12 plant species that occurred in these relevés were omitted as multivariate outliers (McCune & Grace, 2002) , resulting in a total of 101 relevés and 136 plant species for further analysis (cf. Appendix 2). To account for effects of spatial autocorrelation in our data, the geographical coordinates of the plots Fig. 2 . Location of the study area; numbers represent the study districts: 1, Patom; 2, Namkhaneh; 3, Maniasang; 4, Baharbon.
eschweizerbart_xxx were used to construct nine spatial variables, i. e. the terms of a cubic trend-surface polynomial (Borcard et al. 1992) .
To produce ecologically interpretable variance components in the multivariate analysis, the explanatory variables were grouped into the following six sets: disturbance (D: including six different disturbance types and stocking rate); relative light intensity (L: relative light availability 10 cm and 150 cm above ground); soil (S: including organic matter, total nitrogen, total Ca, pH value, and plant available P and K contents, drainage, litter, humus depth and soil texture); topography (T: including elevation a.s.l., slope inclination, slope direction, and slope aspect); spatial relationships (SP: nine spatial variables as defi ned by Borcard et al. (1992) ); relevé size (RS). We performed canonical correspondence analysis (CCA; Ter Braak 1986) with rare species downweighted to compare the effects of pre-identifi ed environmental gradients and analyze their effects on species composition. The signifi cance of the relationship between species composition and the environmental CCA axes was determined by a Monte Carlo permutation test (Ter Braak 1987) . Because our initial data set with 51 environmental variables (incl. dummy coded variables) contained redundant information, the number of environmental variables was fi rst reduced using the forward selection procedure in CANOCO (Palmer 1993 , Wellstein et al. 2007 .
Spatial autocorrelation of plots (SP) and differences in relevé size (RS) were controlled for in CCA by always including these as covariates (Jongman et al. 1995 , Wellstein et al. 2007 .
To distinguish between the gross and net effects of the sets of environmental variables on fl oristic composition, gross effects were fi rst quantifi ed by performing a series of CCAs (controlled for SP and RS) for each set of explanatory variables. To obtain the net effect of a given set of variables, additionally a series of partial CCAs were performed controlling for all other sets (Økland & Eilertsen 1994) .
Indicator species analysis (Dufrêne & Legendre 1997 ) was conducted to identify indicator species for each disturbance type. To calculate the indicator value of a species, its mean abundance in a certain group is divided by its mean abundance in all groups (i. e., specifi city, Legendre & Legendre 1998) and then multiplied by its relative frequency in the samples of that group (fi delity, Legendre & Legendre 1998) . The values obtained were tested for signifi cance by a Monte Carlo analysis with 1000 random permuta-
We calculated richness (S), Shannon diversity (H') and evenness (E var , an index defi ned by Smith & Wilson 1986) of plant species on each relevé using the Ecological Evenness Calculator (Smith & Wilson 1996) . The effect of disturbance types on species richness and evenness was tested with General Linear Models using the program Statistica, ver. 9.1.
Classifi cation of vegetation types was carried out by a two-way indicator species analysis (TWIN-SPAN; Hill 1979). Before analysis, the lower four Londo scale classes (0.1, 0.2, 0.4, 1) were merged to obtain nine pseudospecies cut levels. The TWINS-PAN run resulted in an ordered table that allowed the examination of the main groupings in the data set and the assignment of sampling sites to the respective clusters. Minimum group size for division was 10 and maximum level of division 3 levels. Additionally, an indicator species analysis (Dufrêne & Legendre 1997) 
Results
During this study, a total of 136 plant species re-presenting 15 trees, 8 shrubs, 17 ferns and 96 herbaceous species were recorded in 101 relevés. Of these relevés, 51 were located in the gaps with an average area 775 ± 163 m 2 (mean ± s.d.). Among these species, two ferns (Matteuccia struthiopteris and Pteridium aquilinum) and fi ve native herbs (Rubus hirtus, Rubus sanctus, Euphorbia amygdaloides, Oplismenus undulatifolius and Sambucus ebulus) not typically found in beech forests were encountered in Ga + Gr and Ha + Ga + Gr sites. 
CCA
Forward selection in CCA resulted in 12 signifi cant variables out of the initial set of 51 variables (Table 1) . From the soil group "litter depth", "calcium", "moderately well" and "somewhat poorly drained", from disturbance group Ga, Ga + Gr and "stocking rate", from light intensity group "relative light in 10" and "relative light in 150 cm above ground" and in topography group "elevation" were selected. Taking all sets of selected variables into account as constraining variables in CCA and controlling for SP and RS, the model explained 22.6% of total variation in fl oristic composition ( Table 2 ). The single (gross) effect of each set on species composition ranged between 2.1 and 11.7%. After controlling for the other sets, each set still yielded a signifi cant net effect on fl oristic composition in partial CCA. Soil variables explained the highest percentage of variance (6.3%), followed by disturbance (4.5%), light (3.6%) and topography (1.6%). The species, samples and environmental scores from the CCA ordination are shown in Fig. 3 . Variables indicating an opening in the forest canopy and increase in light intensity points toward the right, and those associated with less soil disturbance and more pristine forest conditions point toward the left. The species scores showed that most of the ruderal, hygrophyte and shade intolerant species, which require open conditions (gap), are positioned on the right side of the diagram, whereas shade tolerant and mesophytic species are situated on the left side.
Indicator species of disturbance types
In total, 38 species were identifi ed as signifi cant indicators of different disturbance types (Table 3) . The disturbance type Ga + Gr comprised most indicator species (9 species), all of which are herbaceous plants. In contrast, there were only four indicator species for control sites (without disturbance) among them seedlings of Fagus orientalis. In grazed sites, we found six signifi cant indicator species, among them adult Fagus orientalis, seedlings of Quercus castaneifolia and the spiny shrub Ilex spinigera. In gaps we found seven herbaceous indicator species, whereas in plots subject to forest harvesting some tree species were identifi ed as indicator species. For example, Carpinus betulus was a marginally signifi cant indicator species of plots of the disturbance type Ha + Gr (fi ve indicator species in total), whereas the tree species Ulmus glabra, seedlings of Tilia platyphyllos and the shrubs Daphne mezereum and Sambucus ebulus were signifi cant indicator species of plots subject to Ha + Ga + Gr (seven indicator species in total).
TWINSPAN groups
The strong effects of disturbances on community composition in these forests were further corroborated by the results of the TWINSPAN classifi cation. This analysis resulted in six groups (Table 4) .
The fi rst group comprised 21 relevés, mostly with species that are representatives of undisturbed and more Table 2 . Results of selected partial CCA analyses, accounting for the effects of the spatial component (SP) and differences in relevé size (RS). The fi rst row contains the full model, including all signifi cant variables. Second and third rows denote the net effects of SP and RS. Gross effects refer to the pure effects of single sets of variables (for abbreviations of sets, see Table 1 ), whereas net effects show whether sets of variables still exert signifi cant effects on species composition after effects of all other signifi cant variables have been accounted for. Abbreviations: Expl. var., explanatory variables; Covar., covariates; Eigenv., sum of all canonical eigenvalues (total inertia = 4.553); %, percentage of explained variance; F, F-ratio for the test of signifi cance of all canonical axes (test on the trace); P, corresponding probability value obtained by Monte-Carlo-permutation test (1000 permutations). In (a.) non-indicator species are indicated by empty circles and indicator species denoted by the following symbols according to disturbance types: control, diamond; Ga, cross; Gr, fi lled box; Ga + Gr, fi lled down-triangle; Ha + Gr, square and Ha + Ga + Gr, up-triangle, for abbreviations of species names, see TWINSPAN table (Table 4) . In (b.) relevés are denoted through the following symbols according TWINSPAN groups: group 1, cross; 2, fi lled down-triangle; 3, fi lled diamond; 4, box; 5, star and 6, square.
pristine Fagus forests. Consequently, two of the species were also indicator species of control plots, i. e. Fagus orientalis (seedlings) and Vicia crocea (cf. Table 3 ). Relevés of the disturbance type Ga + G (8) and control plots (5) were grouped together in group 2. Of the six indicator species Salvia glutinosa, Hesperis hyrcanica and Sedum stoloniferum were indicator species for the Ga + Gr disturbance type (cf. Table 3 ). Most of the gaps (without grazing) were located in the group 3 (7 of 13 relevés in this group). Of their fi ve indicator species, Rubus hirtus and Mentha aquatica mainly dominated these gaps. Group 4 with nine relevés included only grazed plots (Ga + Gr, Gr). Of the 17 indicator species of this group, fi ve were indicator species for the Ga + Gr disturbance type (cf. Table 3 ). Group 5 included 41 relevés of Ha + Gr, Ha + Ga + Gr and Gr plots. The indicator species of this group were also indicator species for the disturbance types Ha + Gr (Cyclamen coum, Euphorbia amygdaloides) and Ha + Ga + Gr (Pteris cretica and seedlings of Tilia platyphyllos; cf. Table 3 ). Group 6 is the smallest groups with only 4 relevés. These relevés each belonged to different disturbance types but were situated within relatively virgin forests (Appendix 2). In contrast to the other groups, none of the indicator species of group 6 was also an indicator for one of the disturbance types. These results showed that despite the similarity of the results between the indicator species analysis of disturbance types and the TWINSPAN classifi cation, the latter often merged relevés subject to different disturbance types (Appendix 2).
Plant species diversity
There were statistically signifi cant differences in species richness (P = 0.0087), evenness (P = 0.0080), and Shannon index (P = 0.005) among different disturbance types (Table 5 ). The Ha + Ga + Gr disturbance type tended to have higher species richness than the eschweizerbart_xxx other categories. However, a Tukey test revealed only a signifi cant difference between "undisturbed'' and Ga + Gr disturbed communities for the Shannon diversity index (H'), whereas no signifi cant differences existed between single pairs of disturbance types for E var and species richness.
Discussion
Driving factors for community composition
Spatial relationships signifi cantly affected our data. Both disturbance and elevation were spatially autocorrelated, because disturbance types were not distributed homogeneously across the study area. There were more disturbed sites in the two lower districts and fewer disturbed sites in the higher districts. However, when accounting for these spatial relationships, we still found signifi cant effects of soil, disturbance, light, and elevation on plant species composition. These groups explained 22.6% of the variance in fl oristic composition; because of the complexity of natural communities, this degree of explanation is substantial (Lepš & Šmilauer 2003) . A similar amount of explained variance was found for mesic grasslands in Germany (Wellstein et al. 2007 ). Soil surface structure (litter depth), soil water conditions (drainage), and calcium were the main drivers of vegetation composition in the soil group (Figs. 3a & b) . Leaf litter may p resent a major barrier for seedling emergence and establishment of small-seeded, shade-intolerant species, but litter enhances emergence and establishment of large-seed- Table 3 . Indicator species for six disturbance types. Abbreviations: Ga, Gap; Gr, Grazing; Ha, Harvesting; SD, seedling; P, probability (from a Monte Carlo permutation test) to obtain a higher than observed indicator value by chance (5000 random permutations).
ed, shade-tolerant species, possibly through increased humidity and reduced detection by seed predators (Kostel-Hughes et al. 2005 , Donath & Eckstein 2008 . Lower litter cover and higher amounts of bare ground on the other hand favor ruderal plant species that can withstand disturbance (Watkins et al. 2003) . Using the biplot rule (Lepš & Šmilauer 2003) , the ordination diagram showed that Juglans regia, Fagus orientalis, Tilia platyphyllos seedlings, and Vicia crocea had their optima at higher values of litter depth whereas Poa sp., Viola sp., and most of the ruderal species occurred in sites with shallower litter. An opening in the canopy leads to an increase in soil moisture by changing the balance between root water extraction and soil surface evaporation (Marthews et al. 2008 ). Additionally, drainage has an important indirect effect on vegetation composition via its infl uence on plant availability of N, Ca, Mg, and pH (Levine et al. 1994 , Prévost et al. 1999 , Ullah & Moore 2009 . The relationship between species richness and pH/calcium is positive for broad-leaved deciduous forests (Chytrý et al. 2003) . Närhi et al. (2011) found that Ca and the Ca:Al ratio are the main variables determining vegetation composition and positively affect diversity in boreal forests. The reason why we found only a weak positive effect of Ca on species richness is that the studied forests are located on calcareous bed rock and most of the plant species are among calcicoles. For the Central European fl ora Ellenberg et al. (2001) identifi ed most of them as species with a high indicator value for reaction.
Relative light intensities in 10 cm and 150 cm above ground were highly correlated with the fi rst axis of the CCA biplot (Fig 3) . Light is responsible for 9.4% of the variance in community composition. Increase in light will lead to increase in ground vegetation richness especially due to the establishment of shade-intolerant species (Härdtle et al. 2003) and generalist species (Naaf & Wulf 2007) . In the Caspian Fagus forests, Hypericum spp., Mentha aquatica, Alliaria petiolata, Rubus spp., Urtica dioica, and tree seedlings like Quercus castaneifolia and Alnus subcordata have higher demands for light (Sabeti 1976 , Ellenberg et al. 2001 , whereas Danea racemosa, Ilex spinigera, Daphne mezereum, Sanicula europaea, Euphorbia amygdaloides, and Fagus orientalis seedlings have their optima at lower values of the canonical variable of relative light (Fig. 3 a) . In mesoto eutrophic beech forests, improving the light conditions for the ground vegetation does not increase the number of typical woodland species, as most of these are shade-tolerant and thus have low light requirements (Härdtle et al. 2003) .
Elevational gradients are among important factors affecting ecological and evolutionary responses of biota to geophysical variables. Elevation has strong effects on other environmental variables, because on average, air temperature drops by 5.5 o C per 1000 m (Körner 2007) . In the Caspian forests, elevation has a unimodal effect on precipitation. In these regions precipitation increases up to 1500 m a.s.l. but beyond this elevation it starts to decrease (Etemad 2010) . In response to variation in environmental factors related to increase in altitude, plant diversity of forest ecosystems may also be unimodal (Gao et al. 2009 ) or increase linearly with elevation (Lovett et al. 2006) . Despite the wide range of elevations in the current data set, this variable had little effect on species composition of these forests because our analysis focused on beech stands that occur from 600 m up to 2000 m a.s.l. At even higher elevations Quercus macrantheraCarpinus orientalis communities with a higher plant diversity and different composition replace Fagus orientalis forests (Sabeti 1976 , Akhani et al. 2010 . Our results are in line with those of Eshaghi Rad & Shafiei (2010), who found no effect of elevation on undisturbed beech communities in these forests.
Disturbance (including biotic interactions) had important net effects on community composition. As in most forest ecosystems, disturbances exerted an important infl uence on the composition and structure of beech communities (Pickett & White 1985 , Keller & Hix 1999 , Onaindia et al. 2004 , Ganlin et al. 2006 , Fleming et al. 2009 ). From the disturbance group variables, only Ga, Ga + Gr, and stocking rate entered the model. This suggests that gaps are very important types of disturbance in temperate forests and maintain age structure, community composition, and biodiversity (Moore & Vankat 1986 , Barnes et al. 1997 , Bengtsson et al. 2000 , Krasny & DiGregorio 2001 , Totland et al. 2005 . Gaps, especially by opening the crown canopy, change the light intensity, moisture, and microclimate of the stand, which may improve germination conditions for seeds present in the seed bank (Dupuy & Chazdon 2008) . A soil seed bank study of these forests indicated only 24.3% of similarity between aboveground vegetation and soil seed bank composition. Most diaspores in the seed bank belong to early successional, ruderal, and fern species (Esmailzadeh et al. 2011) , which mainly existed as adults in gaps and open sites that we studied.
Additionally, disturbance by wild or domestic animals affected species composition of Caspian Fagus orientalis forests. Cattle not only infl uence species composition by browsing activities, but also by walking from one gap to another and thus dispersing attached or ingested diaspores (Naaf & Wulf 2007) . Grazing may improve establishment of unpalatable (e. g., Euphorbia amygdaloides, Hesperis hyrcanica) and creeping species (e. g., Sedum stoloniferum, Veronica polita) that are avoided by cattle. These species were signifi cant indicators of grazed sites.
In contrast to the results of Roberts & Zhu (2002) and Kraft et al. (2004) , we did not fi nd harvesting to have a signifi cant effect on community composition. One possible explanation for this disparity may be that in the Caspian forests low intensity forestry systems (single selection system) are practiced (Marvie Mohadjer 2001) , and heavy machinery is infrequently used (Ghafarian et al. 2008 ). Table 4 . TWINSPAN table for 136 species and 101 relevés (six classes), arranged by constancy within each cluster. Seedlings indicated by "(SD)". Constancy of each species is given in the following classes: r, < 5%; + , > 5 -10%; I, > 10 -20%; II, > 20 -40%; III, > 40 -60%; IV, > 60 -80%; V, > 80 -100%. Rare and low frequency species are given below the table and the group number, in which these species occurs, stated in the brackets. V  V  V  V  V  4  V  V  II  IV  V  3  V  IV  +  II  V  5  IV  V  V  V  V  2  IV  IV  I  III  II  .  III  II  II  II  IV  2  III  II  .  I  III  4  III  +  I  II  III  2  III  .  .  .  II  .  II  IV  IV  IV  V  .  II  IV  II  II  IV  2  II  III  IV  III  V  .  II  III  III  IV  III  .  II  II  +  IV  II  .  II  II  II  II  I  .  II  II  .  II  I  .  II  I  I  .  II  .  I  IV  IV  IV  II  2  I  II  III  III 
Relationships be tween disturbance, indicator species, and diversity
Disturbance often increases plant richness (Palmer et al. 2000 , Fulbright 2004 , Wardell-Johnson et al. 2004 , Ganlin et al. 2006 . In contrast to these fi ndings, in the current study no such clear pattern emerged. Disturbances had weakly signifi cant effects on species richness, Shannon diversity, and evenness. However, except for Shannon diversity, a Tukey test revealed no signifi cant difference between pairs of disturbance types. The main reason may be high variance within disturbance types owing to large variation of environmental conditions such as light availability and soil variables in each site. This high variance within disturbance types might also be responsible for the overlap across the groups of the indicator species analyses for disturbance types and TWINSPAN-groups.
Disturbances mainly affected species composition, which was shown by signifi cant groups of indicator species for different disturbance types. Indicator species of undisturbed sites are characteristic species for Caspian beech forests (Hamzeh'ee 1994) . Of these, Sanicula europaea and Neottia nidus-avis are also found in the most fertile ancient forests in Europe and are characteristic species of the Galio odoratiFagetum silvaticae (Oberdorfer 1992) . Fagus orientalis seedlings and Vicia crocea are indicators in undisturbed sites probably because these are highly preferred by cattle and thus maintain higher abundance and/or frequency in undisturbed sites. Herbivory may lead to a shift to unpalatable N-poor plants in the forest understory (Singer & Schoenecker 2003) . In the grazing disturbance type of the current data set, indeed most of the indicator species were unpalatable. Ruscus hyrcanus and Ilex spinigera are two evergreen and shade-tolerant shrubs that have sharp spines and are thus avoided by grazers (Sabeti 1976) . Similarly, Onaindia et al. (2004) also found that Ruscus aculeatus, which is very close to Ruscus hyrcanus, was mostly present in grazed woodlands of Spain.
Fagus orientalis trees also are an indicator for this disturbance type, mainly because in most of the other disturbance types, relevés were located in the gaps and have lower abundance-dominance value for Fagus trees. Quercus castaneifolia seeds probably benefi t from dyszoochory and appear in grazed Fagus stands (Vander Pijl 1982) .
In the Ga + Gr disturbance type, ground fl ora composition generally shifted towards a more ruderal community, as more shade-intolerant and nitrogen demanding species assemblages occurred here, including Salvia glutinosa, Hesperis hyrcanica, Prunella vulgaris, Rumex sanguineus, Geranium robertianum and Urtica dioica (Akhani et al. 2010 Species of this group have a high nitrogen indicator value (Ellenberg et al. 2001 ) and may take advantage of nutrient input from animals. Ruderal species such as Rumex sanguineus and Urtica dioica are apophytes, i. e., they belong to the native fl ora and occurred in nutrient-rich and/or disturbed habitats such as alluvial forests. This enabled these species to take advantage of anthropogenic disturbances and establish in these disturbed sites (Kopecký 1984 (Küster 1997 , Gardner & Willis 1999 .
Owing to trampling and soil disturbance, more patches of bare soil will be created in the Ha + Ga + Gr disturbance type. In these open sites, Oplismenus undulatifolius and Sambucus ebulus can easily establish and produce a thick cover. These species are mentioned as invasive in some parts of USA and Europe (Balogh 2001 , USDA 2011 . They are native to Russia and the Caucasus but have a wide distribution range in the world (Floraweb 2011 , Kew 2011 . Oplismenus undulatifolius is a grass with intermediate light demands that mainly occurs in Querco castaneifoliae-Carpinetum betuli and Carpino betuli-Fagetum orientalis associations at lower elevations (Assadi 1984) . Sambucus ebulus is a very light-demanding and herbaceous plant of nutrient-rich habitats (Floraweb 2011) . It is characteristic in Sambuceto ebuli-Alnetum subcordatae (Hamzeh'ee 1994). Thus, Oplismenus may enter open beech forests, which form after disturbance due to harvesting operations leading to soil compaction and opening of the canopy.
Matteuccia struthiopteris and Pteridium aquilinum are two fern species that typically invade large gaps; still they did not have a signifi cant indicator value. They have a wide distribution range in the northern hemisphere (Floraweb 2011) and, owing to the lack of valid databases on invasive species for the Caspian region, we cannot be sure about their fl oristic status (native or alien). Pteridium aquilinum is a plant with intermediate light demands that is found in the herb layer of Luzulo-Fagenion Lohm. et Tx. 1954 forests in Europe. Matteuccia struthiopteris is a semishade plant with a high demand for soil moisture. It is essentially restricted to the closed forests of the Alno-Ulmion Br.-Bl. et Tx. 1943 (Floraweb 2011 . These ferns may occupy gaps in the Caspian beech forests for long periods and produce thick layers of humus and rhizomes, which may prevent establishment of seedlings and other pioneer tree species and thus forest regeneration. De la Cretaz & Kelty (1999) also fund similar results for Hay-scented fern (Dennstaedtia punctilobula (Michx.) Moore) in Quercus-Pinus stands.
Conclusion
Disturbance is an important factor affecting community composition and diversity but also the establishment of apophytic plants in Caspian beech forests. Natural and anthropogenic disturbances may change levels of abiotic environmental conditions and resources (e. g., light availability, soil nutrients) in forest communities. This variation in resource fl uctuation may create opportunities for the establishment of new species. Response of beech forests to disturbances is evident through signifi cant groups of indicator plants for different disturbance types, whereas effects on species richness, diversity, and evenness were small. Two disturbance types, i. e., grazing and gaps, exerted important effects on both community composition and diversity. Creation of gaps leads to an increase in light availability and soil moisture, which facilitates the establishment of shade intolerant species with high moisture demands in these sites. Cattle grazing also leads to increased resource fl uctuation and a decrease in palatable plant species. On the other hand, unpalatable and poisonous species are facilitated by grazing (herbivory escape hypothesis; Keane & Crawley 2002) . Consequently, the palatable Rubus hirtus disappears in grazed gaps, while unpalatable species such as Sambucus ebulus and Pteridium aquilinum may become dominant there. In this study we did not fi nd any non-native invasive plant species. However, in plots subject to the most intensive disturbance type, native vascular plant species not typically found in pristine beech forests (apophytes) colonized. 
